This study is designed to investigate the antioxidant status and the presence of biologically-active compounds in Allium roseum L. and to compare the results with those of Allium sativum L. The content of thiosulfinates (Thio) and the levels of flavonols (quercetin and rutin), ascorbic acid (AA), glutathione reduced (GSH), glutathione oxidized (GSSG) and the antioxidant enzymes activities of glutathione peroxidase (GPx), glutathione reductase (GR) and catalase (CAT), were evaluated in bulbs, bulblets, flowers bulblets, leaves and flowers. Our study shows that bulbs of Allium roseum contain levels significantly higher of GSH, GSSG, AA, Thio, rutin and the activity of GPx and GR significantly higher than bulbs of Allium sativum. Moreover, the bulbs of Allium roseum show a significantly higher content of GPx, GR, CAT, GSH and GSSG than bulblets, flowers bulblets, leaves and flowers of Allium roseum. In Allium roseum, the greatest content of Thio is present in the flowers bulblets, while the levels of AA, quercetin and rutin are greater in the flowers.
Processing of Samples
Fresh organs (bulbs, bulblets, flowers bulblets, leaves and flowers) were cleaned to remove residual impurities; subsequently each part of the plant was cut and homogenized (500 mg/ml) in MilliQ purified water or a different buffer (as described below for each parameter) using a homogenizer (T25 Basic Ultra-Turrax, Janke & Kunlel, IKA-Laboratechnik, Staufen, Germany).
Depending on the specific evaluation parameters, the homogenates were treated with opportune reagents and centrifuged to different gravities according to the several methods reported below. Subsequently, all supernatants were stored at −80˚C before starting their analytical procedures.
Analytical Procedures

Ascorbic Acid
The organs of plants were homogenized in phosphate buffer (pH 7.4) at 0˚C. These solutions were added to an equal volume of 10% metaphosphoric acid and immediately centrifuged at 2000 g × 10 min at 0˚C. Ascorbic acid (AA) was measured by the HPLC method [14] . The supernatants were removed and filtered (Millipore 0.45 μm, Merck, Darmstadt, Germany), and 20 µl aliquots were manually injected into the high-performance liquid chromatography column (Reverse phase C18) with UV detector at 262 nm. Results were expressed as μmoles/g of fresh and unprocessed weight.
Quercetin and Rutin
The organs of plants were homogenized in phosphate buffer (pH 7.4) at 0˚C.
The samples were centrifuged at 2000 g × 10 min at 0˚C. The supernatants were removed and filtered (Millipore 0.45 μm, Merck, Darmstadt, Germany). Quercetin (Q) and rutin (R) were measured by the HPLC method [15] . Twenty µl aliquots were manually injected into the high-performance liquid chromatography column (Reverse phase C18) with UV detector at 360 nm. The eluent was 
Thiosulfinates
The plants' organs were homogenized in ice-cold phosphate buffer 0.125 M (pH 7.4) and this solution was centrifuged for 10 min at 0˚C at low speed (2000 g).
Total thiosulfinates (Thio) were measured in supernatants with a spectrophotometric procedure [16] . One molecule of allicin reacts rapidly with two molecules of cysteine to form two molecules of S-allil mercapto-cysteine. The decrease in cysteine concentrations is measured by reaction with DTNB 5,5'-dithiobis 
Glutathione Oxidized and Reduced
The plants' organs were homogenized in ice-cold phosphate buffer 0.125 M (pH 7.4) containing 1 mM EDTA and then were added to an equal volume metaphosphoric acid (10%). Samples were centrifuged at low speed (2000 g) × 10 min at 0˚C. Reduced glutathione (GSH) and oxidized glutathione (GSSG) were quantified in supernatant by microassay procedure [17] . The results were expressed as nmol/mg protein.
Glutathione Reductase Activity
The organs of the plant were homogenized in cold 0.25 M sucrose in 0.1 M phosphate buffer, pH 7.4. The homogenates were centrifuged at 40,000 g × 20 min at 4˚C, and the supernatants were used for the glutathione reductase (GR)
assay [18] . The results were expressed as U/mg protein.
Glutathione Peroxidase Assay
The organs of the plants were homogenized using the same method as described for GR. The glutathione peroxidase activity (GPx) was evaluated by measuring the change in absorbance at 340 nm, at 37˚C, caused by the oxidation of NADPH [19] . Enzyme activity was expressed as U/mg of protein.
Catalase Activity
The organs of the plants were homogenized in ice-cold phosphate buffer (0.125 M, pH 7.4) containing 1 mM EDTA and then centrifuged at 4000 g for 15 min at 4˚C. Catalase (CAT) activity was determined by a microassay procedure [20] .
The results were expressed as nmol/min/mg of protein.
Proteins Assay
Protein concentrations were determined by the Lowry method and the calibration curves were prepared with dry bovine serum albumin [21] . 
Statistical Analysis
Results
The activities of antioxidant enzymes (CAT, GPx and GR) and the relative levels of GSH, GSSG, Thio, and AA (expressed as mean ± standard error) in the bulb and leaves of Allium sativum and in different fresh organs (bulbs, bulblets, flowers bulblets, leaves and flowers) of Allium roseum are reported in Table 1 and   Table 2 .
The data shows that Allium roseum possess effective antioxidant properties similar to garlic, however the values of enzymatic activities and the levels of non-enzymatic parameter are different in the various organs of the plant.
The highest activity of GPx (Table 1) is observed in the bulbs of Allium roseum when compared with the garlic's bulbs (38.31 ± 1.289 U/mg protein and 3.58 ± 1.502 U/mg protein respectively, p < 0.001). Similarly, GPx activity is greater in the bulbs (38.31 ± 1.289 U/mg protein) than the flowers (0.03 ± 0.003 U/mg protein, p < 0.01), the bulblets (18.00 ± 0.731 U/mg protein, p < 0.01) and flowers bulblets (1.74 ± 0.131 U/mg protein, p < 0.01) of Allium roseum. It is remarkable that the high activity for GR observed in the bulbs of Allium roseum (4.40 ± 0.151, p < 0.01) is greater than bulbs of Allium sativum (Table  1) . Finally, Allium roseum shows the GR activity greater in the bulbs (4.40 ± 0.151 U/mg protein) than leaves (1.07 ± 0.019 U/mg protein, p < 0.01), flowers (1.05 ± 0.013 U/mg protein, p < 0.01), bulblets (1.61 ± 0.018 U/mg protein, p < 0.01) and flowers bulblets (1.22 ± 0.078 U/mg protein, p < 0.001).
The highest levels of GSH (Table 2) respectively) of Allium roseum showed higher levels of Thio respect to Allium roseum bulbs. Moreover, the highest levels of Thio are shown in the bulbs of Allium roseum when compared to bulbs of Allium sativum (p < 0.05).
An interesting result was noted with AA levels. The highest content of AA (Table 2 ) is in flowers of Allium roseum (1.94 ± 0.047 μmol/g of fresh weight) when compared to bulbs of Allium sativum (0.23 ± 0.003, p < 0.01) or when compared to bulbs (0.28 ± 0.002 μmol/g of fresh weight, p < 0.01) of Allium roseum. Furthermore, the leaves (1.25 ± 0.048 μmol/g of fresh weight, p < 0.05), bulblets (0.79 ± 0.021 μmol/g of fresh weight) and flowers bulblets (0.45 ± 0.006 μmol/g of fresh weight), (p < 0.01 respectively) of Allium roseum also have a higher AA content than the bulbs of Allium roseum. However, the highest levels of AA are shown in the bulbs of Allium roseum when compared to bulbs of Allium sativum (p < 0.01). Allium roseum shows R content greater in the flowers (272.68 ± 28.083) than bulbs (3.89 ± 0.412, p < 0.01). Moreover, the content of R is significantly higher in the bulbs of Allium roseum than bulbs of Allium sativum (3.89 ± 0.412 and 3.55 ± 0.819 respectively; p < 0.05).
Also the content of Q is significantly higher (p < 0.001) in the flowers of Allium roseum (4.13 ± 0.261) than bulbs of Allium sativum (1.39 ± 0.140) or the other organs of Allium roseum. No significant difference was observed between Q levels in the other organs investigated of Allium roseum respect to bulbs of Allium sativum.
Moreover, by evaluating the antioxidant content in the leaves of Allium sativum with respect to the bulbs of Allium sativum, it should be noted that the content of CAT, GR, GSH, AA, R is significantly higher in the leaves (Tables  1-3) .
Finally, in Table 4 the correlation between the levels of AA, flavonols (R and Q), Thio, GSH, GSSG and the antioxidant enzymatic activities (GR, GPx and CAT) in Allium species are reported. A significantly negative correlation was observed between the levels of AA and CAT, GR, GSH and GSSG, while the flavonoid content is positively correlated with the levels of non-enzymatic antioxidants and negatively correlated with the activity of antioxidant enzymes.
Discussion
In this study we observed a high content of antioxidants in every fresh organ of Allium roseum that could play a fundamental role in the nutritional and therapeutic field.
There is no research or study comparing the enzymatic and non-enzymatic antioxidant defence system of fresh organs of Allium sativum and Allium roseum. Legend: Thio (thiosulfinates μmol/g of fresh); AA (ascorbic acid μmol/ml); GPx (glutathione peroxidase activity U/mg protein); CAT (catalase activity nmol/min/mg protein); GR (glutathione reductase activity U/mg Protein); GSH (glutathione reduced form nmol/mg protein); GSSG (glutathione oxidized form nmol/mg protein); R (rutin µg/g of fresh weight); Q (quercetin µg/g of fresh weight) (*p < 0.05; **p < 0.01; ***p < 0.001).
Moreover, this is the first time that flavonols were measured in accordance with antioxidant activity. Current evidence indicates that consumption of fruit and vegetables decreases the incidence of the most prominent diseases in developed countries [22] . There is an increased importance in identifying dietary plant compounds or spices as a source of natural antioxidants [23] .
Our data shows that the bulbs of Allium roseum are rich in antioxidant substances so that they could be used in the medical field in the same way that bulbs of Allium sativum are already being used. Similarly to garlic, the bulbs of Allium roseum have the highest levels of GSH, GSSG and Thio revealing that also Allium roseum is rich in sulphur compounds, which are also the source of many health-promoting effects. The high levels of Thio in the bulbs, leaves and flowers bulblets of Allium roseum suggest also its possible use as a source of sulphur species. Certainly the presence of many reactive sulphur species are related to interesting biological activity in vivo, as antimicrobial, fungicidal, antiplatelet or anticancer activity [6] [24] [25] . In the plants sulphur compounds have many roles similar to those observed in mammalian cells [26] . The high level of AA in the flowers and others organs of the Allium roseum suggests that ascorbic acid plays an essential role in the plant's antioxidant properties. In addition, AA is also related with cell division in plants and as a regulator for cellular processes including cell wall metabolism [27] . GPx, GR and CAT plays a key role in the response to oxidative stress by maintaining the functions like an antioxidant that scavenges reactive oxygen species, such as hydrogen peroxide and superoxide [28] . The higher activity of GPx and GR in Allium roseum compared to Allium sativum strengthens the antioxidant capacity of the Allium roseum bulbs. R is a flavonoid that is widely found in fruits and vegetables and the high levels observed bulbs, flowers bulblets and especially in flowers of Allium roseum make it 
Conclusions
Results suggest that the investigated Allium species can serve as a cost-effective source of high-value antioxidant nutraceuticals for protection against oxidative stress-related disorders.
Allium roseum displays antioxidant abilities in all investigated plant organs, especially in the bulbs. They are the organs with higher enzyme activity compared to the other organs of the plant. Moreover, the content of AA, GSH, GSSG, Thio and R, is important factors in determining the antioxidant activity of this plant. Our research indicates that increased consumption of these garlic species can provide health benefits and prevent diseases associated with oxidative stress. Moreover, because of their described properties, all investigated plant organs can be used as new ingredients to improve diversity in the modern diet as wells as in the industries for manufacturing products with antioxidant activity.
Thus, the presented results indicated that Allium roseum exhibited antioxidant ability in all investigated plant organs especially in the bulbs and therefore bulbs could be used in the human diet as a source of natural antioxidants. Finally, all investigated Allium roseum organs could be used also in the pharmaceutical and cosmetic industry for manufacturing products with potent oxygen radical scavenger activity.
